Introduction
Chinese liquor is one of the well-known distilled spirits in the world, and the manufacture technique is unique. Daqu is an essential starter culture during the production of Chinese liquor and has noteworthy impact on the flavor of the product (Xu et al., 2010) . Based on the aromas of distillate, several types of Daqu can be distinguished, such as light-flavor, strong-flavor and soy sauce-flavor, which depend on different manufacture techniques.
Daqu is a complex substrate throughout the fermentation of grain via a natural inoculation of microbial communities originated from production environment. Therefore, microbial community and the metabolites are closely related to incubation conditions and environments (Zhang et al., 2009) . Although the production methods of various types of Daqu are slightly different, the process often involves three stages: material shaping, incubating (particularly, microbial community forming) and drying (decreased and various unreported microorganisms have been detected. Zheng et al (Zheng et al., 2012a) investigated the microbiota of Fen-Daqu by culture-dependent and culture-independent methods, and the results showed that a total of 190 microbial strains comprising 109 bacteria and 81 yeasts and moulds were isolated and identified.
In addition, both approaches revealed that Bacillus licheniformis was an abundant species, and Saccharomycopsis fibuligera, Wickerhamomyces anomalus, and Pichia kudriavzevii were the most common yeasts encountered in Fen-Daqu. Xiu et al (Xiu et al., 2012) demonstrated the microbial diversity of Maotai-Daqu by using nested PCR-DGGE, and the microbial distributions during the periods of shaping, ripening and drying in Daqu-making.
These results may contribute to the design of specific starter or adjunct cultures. However, some unquantifiable biases were noticed (e.g. originated from DNA extraction, uneven lysis or PCR amplification) (Blackwood et al., 2007) . In this manuscript, the phospholipid fatty acids (PLFAs)-based method was employed to assess the microbial community in Daqu.
As a key membrane component in all living cells, phopsholipid was not found in dead cell or storage compounds (Zelles, 1997), and phospholipid fatty acids were widely accepted as biomarkers to indicate viable microbial biomass and provide a microbial community 'fingerprint' (Liang et al., 2008) . Recently, PLFA analysis is becoming increasingly used in microbial ecology studies in soil, compost and sediment (Farrell et al., 2010; Klamer and Bääth, 2004; Müller et al., 2010) . However, to our knowledge, no report was available about the application of PLFA method in Daqu analysis. Therefore, the purpose of this study was to assess the feasibility of PLFA analysis and investigate the microbial community of Daqu based on PLFA method. Results presented in the manuscript may help to obtain a better understanding of the microflora in Daqu and subsequently improve the quality of Chinese liquor.
Materials and Methods
Daqu samples Daqu samples were collected from three famous liquor-production factories in Sichuan province, China (Daqu LJ, collected from Luzhou Laojiao Co., Ltd; Daqu FG, collected from Fenggu distillery Co., Ltd; Daqu XF, collected from Xufu distillery Co., Ltd). The samples were harvested at different periods during the culture process, and at least 3 Daqu samples were collected at each period (Fig. 1) . The monoblock brick-shaped Daqu samples were smashed and mixed uniformly. About 150 g of the each composite sample was stored in polythene bags at _ 20℃
(no more than 24 h) for further analysis. autoclaving for 20 min) covered with cellophane at 30℃ for 72 h.
Strains and growth conditions
Mycelia of the inoculated strains were collected from the surface of the cellophane covered on the grain substrate and the PLFAs contents were analyzed.
Extraction and analysis of PLFA Lipids were extracted with a single-phase chloroform-methanol-phosphate buffer described by Wu et al (Wu et al., 2009b) . Samples (Daqu sample 1 g, mycelium sample 0.1 g) were extracted with a single-phase mixture of chloroform: methanol: phosphate buffer (15.2 mL at a 1:2:0.8 volume basis) in a horizontal shaker (250 × g) at room temperature for 2 h. The single-phase system was splited into two phases by adding phosphate buffer (4.8 mL) and chloroform (6 mL) and left overnight to separate. The CHCl 3 layer was then transferred to a new tube and dried under N 2 at 30℃. According to the high content of free fatty acid in Daqu sample, a NH 2 -Silica solid phase extraction column was used in this experiment. The total lipids contained in the chloroform phase were fractionated into neutral lipids, free fatty acid, and phospholipids on a solid phase extraction column (NH 2 -Silica, 200 mg, 3 mL, Welchrom) by eluting them sequentially with 10 mL isopropanol-chloroform solution (1:2), 10 mL 2% acetic acid in ether, and 10 mL methanol, respectively.
The phospholipid fraction was methylated to fatty acid methyl ester by a mild alkaline methanolysis (Dowling et al., 1986 ). In short, 1 mL methanol-toluene solution (1:1) and 1 mL 0.2 M KOHmethanol were added, and the mixture were heated at 37℃ for 30 min. After methylation, distilled water (2 mL) and acetic acid solution (1 M, 0.3 mL) were added. Fatty acid methyl esters were extracted in hexane (2 mL) twice and dried under N 2 . Fatty acid methyl esters (FAMEs) were analyzed by a gas chromatogram/ mass spectrometry system (Thermo Fisher Corporation, USA).
The GC system was equipped with a TR-5MS ( and fungi were listed in Table 1 . All values of PLFA concentrations were the mean of at least three independent extraction processes. Table 2 displayed the phospholipid fatty acids content of various fungal strains. As shown in Table 2 , the profiles of PLFAs and their contents were significantly different (14.43 _ 42.29 µmol/g dw) in the mycelium of various strains tested. The predominant PLFAs were 16:0, 18:2ω6,9 and 18:1ω9, and the latter two were often used as the indicator of fungal biomass (Klamer and Bååth, 2006) . The ratios of the specific PLFAs to total PLFAs were different in all strains.
Statistical analysis

Results
PLFAs content of mycelium
As for Aspergillus (CGMCC3.324 and CGMCC3811), the ratios of 18:2ω6,9 were 39.2 mol% and 53.1 mol%, while the ratios of 18:1ω9 were 26.9 mol% and 12.8 mol%, respectively. As for 
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Mean ± SD, (n = 3) 2 ND, not determined 37.5%, abiotic and/or biotic), which indicated that phospholipids were unstable in this process. The complete turn-over time for
PLFAs in Daqu producing was not known, but previous study showed a short turn-over time for phospholipids in sediments (White et al., 1979) . And this degradation was thought to be fairly rapid in natural environments (King et al., 1977; Klamer and Bååth, 2006) .
As for the long process (20 ~ 40 d) and the shift of temperature (30 ~ 65℃) during the Daqu production, the contribution of PLFAs from raw material to microorganism PLFAs biomarkers in Daqu could be neglected. There was other evidence from our previous studies, which showed that the high correlation (R = 0.987, P < 0.05) between ergosterol (another fungal biomarker) and PLFA (18:2ω6,9) content in Daqu samples was obtained (Qin et al., 2011) .
In addition, previous PLFAs analysis concerning decomposition of rice straw (Nakamura et al., 2003) and the microbial communities of fermented grains (Zheng et al., 2011) , had shown that none/ low concentration of PLFAs 18:2ω6,9 and 18:1ω9 was detected, although the great quantity of plant cell existed. According to these results, it was suggested that high concentration of PLFAs 18:2ω6,9
and 18:1ω9 in Daqu samples were accounted for fungal mycelium, . These results were a little higher than that detected from culture method (6.3 ~ 21.8 × 10 7 cfu/g (dw)) (Wang et al., 2008) . This may be ascribed to the fact that some uncultured bacteria existed which could not be responded by culture-dependent method (Wang et al., 2011 course, the different types of Daqu samples and the applicability of this conversion factor (calculated from soil bacteria) may also be explored further.
